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Available online 31 March 2011AbstractThe RSV Aurora Australis survey allowed the first comprehensive study of the demersal ichthyofaunal environment and of the
diversity of the Dumont d’Urville Sea. We observed a high dominance of the Notothenioidei in both the number of species and in
integrated abundances. The Nototheniidae was the most abundant family with 44.7% of the total integrated abundance, followed by
Bathydraconidae (18.8%). Trematomus eulepidotus was the dominant species with 19.9% of the total individuals catch. Never-
theless, 43 of the 53 species caught could be considered as very rare. The Bathydraconidae was the most diversified family with 11
species caught. The highest integrated abundances of fish were found from 400 to 800 m. Well-structured species communities
were observed, with high species richness from 570 to 681 m. The richest zones were located along the basins and along their upper-
sides. Statistical analyses indicated large-scale spatial patterns in species composition, with clear differences in fish communities
from the continental slopes, the basins and on the shelf. At a finer spatial scale, the current in the George V Basin and iceberg
scouring on the banks and their sides tended to create locally heterogeneous small-scale habitats. We suggest that the glacial history
and the structured habitats allowed successive colonisations of the seabed by demersal fish.
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The structure of the fish communities of the East
Antarctic continental shelf has not yet been extensively
studied. The first benthic samples in this area origi-
nated from Commonwealth Bay during the Austral-
asian Antarctic Expedition (1911e1914). This cruise
was followed by the British Australian and New Zea-
land Antarctic Research Expedition (BANZARE) in
1929e1931, again conducted in the Commonwealth
Bay and off Terre Ade´lie. In 1950, samples were
collected close to Port-Martin Station in Ade´lie Land
(Arnaud, 1974). All these cruises were mainly focused
on benthic invertebrates. The first study of fish was
done by Hureau at inshore Ade´lie Land in the 1960s
(Hureau, 1970). More recently, the program ICOTA
(Ichtyologie COtie`re en Terre Ade´lie) from 1996 to
2008 studied coastal demersal ichthyofauna, including
the ecology of Trematomus hansoni (Hureau et al.,
2000), the biology of Pleuragramma antarcticum
larvae and other species of ichthyoplankton (Koubbi
et al., 2007, 2009), as well as numerous phylogenetic
studies of notothenioid fish (Deroˆme et al., 2002;
Lautredou et al., 2010; Dettaı¨ et al., 2011; Rey et al.,
in press; Lecointre et al., in press).
Other mesoscale (400e4000 km) studies of the
demersal ichthyofauna have been conducted in various
parts of the Southern Ocean close to Antarctic Conti-
nent, including the Weddell Sea (Ekau, 1990; Gutt and
Ekau, 1996), the Ross Sea (Iwami and Abe, 1981;
Eastman and Hubold, 1999; Donnelly et al., 2004; La
Mesa et al., 2004a,b; Vacchi et al., 2001), the Lutzow-
Holm Bay (Naito and Iwami, 1982), the South Shet-
land Islands (Iwami and Abe, 1982), the Lazarev Sea
(Gutt and Ekau, 1996), theBellinghausen Sea and Peter I
Island (Matallanas and Olaso, 2007), Deception Island
(Ruhl et al., 2003), the Northern Scotia Arc islands and
Bouvetøya (Jones et al., 2008) and King George Island
(Kulesz, 1999). Although these studies used a variety of
sampling equipments and methods, their results were
congruent and showed that the ichthyofaunas on the
continental shelf are dominated by Notothenioids.
Among them, the family Nototheniidae was represented
by the highest species number and abundances, followed
by other Notothenioid families (Artedidraconidae,
Channichthyidae and Bathydraconidae). The families
Zoarcidae and Liparidae were abundant but less diverse
in all sampled areas.
As part of the international Census of Antarctic
Marine Life (CAML), research vessels of three coun-
tries (Australia, France and Japan) participated in the
Collaborative East Antarctic Marine Census(CEAMARC) survey in the Dumont d’Urville Sea. The
CEAMARC RSV Aurora Australis survey (CEA-
MARC/AA) encompassed a large-scale sampling area,
using standardised procedures for collecting fish and
included deep samples down to 2000 m depth. The
CEAMARC/AA survey allowed a comprehensive
biogeographical study of demersal ichthyofauna of the
East Antarctic shelf in the Dumont d’Urville Sea
region. The main objective of the present study was
to describe community composition of the ichthyo-
fauna and its distribution in this unique area. We also
aimed at better understanding how the distribution of
this community is influenced by environmental
conditions.
2. Materials and methods
2.1. Sampling strategy
From December 2007 to January 2008, the RSV
Aurora Australis sampled demersal and benthic fauna at
74 sites using a beam trawl. Samplingwas planned along
different environmental gradients over the continental
shelf, crossing four kinds of habitat (shelf basins, banks,
coastal and continental slopes) and at different depths
and substrate types (Beaman and O’Brien, 2009).
Physical and chemical parameters of the water column
were measured at each site using a Con-
ductivityeTemperatureeDepth (CTD) profiler. Nine-
teen sites were sampled from the Ade´lie Basin and 27
from the George V Basin, and 17 and 3 sites were
sampled from the Ade´lie andMertz Banks, respectively.
Twelve further samples were collected from four
canyons along the continental slope and 2 samples were
collected from the coastal zone (Fig. 1).
The sampling area extended across the entire shelf
from Terre Ade´lie (139E) to the Mertz Glacier Tongue
in George V Land (East Antarctica) (145E), including
the Ade´lie Bank, a large plateau of about 200 m depth
between Terre Ade´lie and Commonwealth Bay. The
bottom of the Ade´lie Bank sides are scoured by
icebergs calved from the Mertz Glacier Tongue and
from glaciers of the Ross Sea (Massom, 2003). Two
inner-shelf depressions limit the Ade´lie Bank to the
East and the West. The western depression (Ade´lie
Basin) is located from 138E to 140E and connects to
the continental slope by a passage in the northwestern
part of the Ade´lie Bank. The other depression, the
George V Basin, is located from 142E to 146E. It has
the Mertz Glacier Tongue as its eastern margin, the
Mertz Bank to the north-east and is limited to the north
by a sill which separates it from the shelf break.
Fig. 1. Location of the CEAMARC/AA sampling area showing the 74 sampling sites included in this study.
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1.39 m high; 10 10 mm mesh size in the cod end)
was used to sample fish. Trawl durations were between
5 and 26 min on the bottom, at depths ranging from
150 m to 2065 m. Together with appropriate lighting,
either a video or a digital still camera in a pressure
housing were mounted to the top beam of the trawl to
capture in situ images during sampling to confirm the
presence of species and to study fish avoidance of the
trawl.
2.2. Environmental parameters
A bathymetric digital elevation model (DEM) based
on multibeam swath bathymetry and singlebeam data
has been produced at a 100 m grid pixel resolution for
the area (Beaman et al., 2011). The key multibeam data
along the continental slope are derived from the Italian
PNRA/MOGAM (Programma Nazionale di ricerche in
Antartide/Morphology and Geology of Antarctic
Margins) survey (De Santis et al., 2007), while smaller
areas of swath bathymetry on the shelf are derived
from survey NBP0101 on RV Nathaniel B. Palmer.
The DEM was processed through the Benthic Terrain
Modeler tools from ArcGIS 9 to compute the slope and
rugosity (Wright et al., 2005), where rugosity is
defined as a measure of terrain complexity (Koubbi
et al., 2010)Sediment samples were collected at 52 sampling
sites using either a box corer, Smith-McIntyre or
a Van-Veen grab. The surface of the sediment samples
was analysed to determine the content of gravel, sand
and silt by washing through 2 mm and 63 mm sieves.
Sediments values were classified according to
a simplified classification (Folk, 1954; Long, 2006).
The sediment properties have been interpolated across
the region using kriging to a 0.005 grid (Hemery and
Ele´aume, pers. com).
Temperature, salinity, fluorescence of chlorophyll
a and oxygen were measured at each sampling site
through the water column to the bottom, by CTD
profilers.
2.3. Species identification
The identification of fish was based on fresh or
preserved specimens. Species were mainly identified
according to Gon and Heemstra (1990) and, when
possible, identifications were crosschecked using DNA
barcoding. The barcode vouchers were all deposited at
the Muse´um national d’Histoire naturelle (Paris) with
assigned numbers MNHN 2008-2592 to MNHN 2008-
2628 (Liparidae), MNHN 2009-0020 to MNHN 2009-
0081 (Zoarcidae) and MNHN 2009-0932 to MNHN
2009-1402 (the remaining specimens) (see Dettaı¨ et al.,
2011 for the complete set of data).
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All pelagic fishes were excluded in the following
analyses. P. antarcticum was observed at different
levels in the water column and over different bottom
depths. This notothenioid has previously been consid-
ered to be a strictly pelagic fish and caught only during
the descent and the rise of bottom trawls. However,
careful study of the pictures and videos taken during
the CEAMARC/AA expedition showed that P. ant-
arcticum was also present close to the bottom and
should be defined as a benthopelagic fish. This species
was caught at 42 of 66 sampling sites, representing the
most abundant species sampled. The large, heteroge-
neous distribution and the numerical analyses suggest
that the distribution and behaviour of this fish is not
dependent on local parameters. For this reason, this
species was excluded from all statistical analysis.
Integrated abundances were calculated for 66
samples. The duration of trawling on the bottom was
calculated by analyzing videos or still-images. The
integrated abundance, in number of specimens km2
(nb. km2), for each species for each trawl event was
calculated by dividing the number of specimens
sampled by the swept area of each tow. Swept area was
estimated by multiplying towing speed (in knots,
where 1 knot¼ 1850.7 m h1) by the time on bottom
(in hours) and the effective mouth width of the trawl
(in meters) (Sparre et al., 1989).
The numerical distribution of individuals across all
species from all samples was represented by the
k-dominance curve (Warwick, 1986). Cumulative
abundance was plotted against species rank for each of
the most abundant species. The x-axis was log-
transformed.
Species were classified according to their domi-
nance in that sample, where the dominance class for
each species was based on the percentage it repre-
sented of the total number of fish in the sample. We
considered that constant species contributed between
75 and 100% of the total sample, common species
between 50 and 75%, uncommon species from 25 to
50%, rare species from 10 to 25% and very rare species
from 0 to 10%.
Species richness and evenness were analysed for all
families at different depth strata using Box-Plots. Each
depth strata was composed of an equal number of
sampling sites. We also used this method to analyse the
distribution of the two indexes for each family and the
genus Trematomus in each zone (basins, banks, upper-
sides of basins and canyons on the continental slope).
The Box-Plots were plotted using XLSTAT Pro (2006)software. Species richness (d, Margalef, 1958), and
evenness (J0, Pielou, 1966) were calculated for each
sampling site excluding those with only one species
using PRIMER 6.1.7 (Primer-E, Ltd).
A canonical correspondence analysis (CCA) was
used to investigate the variations in the relative abun-
dance of the most dominant species (species dominance
>3%) under the constraint of environmental variables.
We assumed a unimodal response of the fish species to
environmental variations. Generally, nonlinear models
are required for analysis of ecological data collected
over a large range of habitats (Ter Braak and
Verdonschot, 1995). Moreover, the gradient length, as
measured in standard deviation units of species turnover
(SD) units along the first ordination axis and determined
through a detrended canonical correspondence analysis
was >4 SD, indicating a clear unimodal species
response along the gradient (Ter Braak and Smilauer,
2002; Ramette, 2007). The null hypothesis that the
fish species abundances were independent of the envi-
ronmental parameters was tested using constrained
ordination with a Monte Carlo permutation test (499
permutations). The total number of active samples was
68. Abundances and environmental variables were log-
transformed using ln (abundanceþ 1) and ln (xþ 10),
respectively. Thirteen environmental variables were
included in the analysis (rugosity, slope, depth, mud,
sand, gravel, carbonate, biogenic silica, bottom
temperature, bottom density, bottom salinity, bottom
oxygen, bottom fluorescence). Bottom density, salinity,
fluorescence and rugosity were then removed from the
analysis due to their co-linearity with bottom tempera-
ture and slope. The CCA analysis was performed with
the CANOCO version 4.5 software (Ter Braak and Van
Dam, 1989).
A group average cluster analysis was applied to
define similarities between sampling sites. Similarity
between samples was assessed using a Bray-Curtis
similarity matrix computed from abundance data. The
similarity matrix computed from the fish abundance
was used to generate one-way Analysis of Similarity
(ANOSIM) statistics with 999 permutations. This
analysis was used to test whether fish communities
from a cluster (zone) were more similar to each other
than to communities in different clusters. Similarity
Percentage (SIMPER) (Clarke and Warwick, 2001)
was used to determine which individual species, based
on their abundance, contributed most to the dissimi-
larity between depths and zones. The cluster, SIMPER
and ANOSIM analyses were performed with PRIMER
6.1.7 (Primer-E, Ltd) and XLSTAT Pro (2006)
software.
Fig. 2. k-dominance curve of fish species caught during the CEA-
MARC/AA. T. lepidorhinus/loennbergii is noted in the figure as
Trematomus sp.
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3.1. Environmental parameters
The inner-shelf and continental slope had the
highest rugosity and slope gradients. These areas were
mainly composed of a series of rugged valleys and
small glacial basins in the inner-shelf, and submarine
canyons along the continental margin. Rugosity and
slope gradients were generally low in the two basins
and shallow plateaus (Koubbi et al., 2010).
Sediments in the Ade´lie and George V basins were
mainly siliceous mud and diatom ooze. Sediments on
the Ade´lie Bank, the shelf edge and the northwestern
upper-side of the George V Basin were mainly sand
with minor mud and gravel content. Canyons across
the external continental slope were dominated by
gravely sediments. Carbonate sediments were also
mainly observed in the eastern part of the Ade´lie Bank
and sill (Post et al., 2010).
3.2. Faunistic composition
DNA barcoding provided high confidence in species
identifications andwas particularly useful for confirming
the distinction between some difficult to identify species
(Artedidraconidae, Zoarcidae, Liparidae). Analysis
using a distance tree indicated complete agreement
between molecular clusters and morphological identifi-
cations. As a consequence, those specimens that could
not be identified using morphology were assigned to
species using barcoding (Dettaı¨ et al., 2011; Duhamel
et al., 2011). Specimens first identified as Trematomus
loennbergii and Trematomus lepidorhinus were finally
not distinguishable, either using the morphological
characters or the molecular data. Therefore, we did not
distinguish them here, and will refer to them as the
T. lepidorhinus/loennbergii group. Fifty-three demersal
fish species were caught in total. Most of the species
(97%) were from 6 families: Nototheniidae, Channich-
thyidae, Artedidraconidae, Bathydraconidae, Zoarcidae
and Macrouridae. Most of these families belong to the
Notothenioidei (4 families representing 88% of species).
Bathydraconidae (Notothenioidei) was the most diver-
sified family in the sampling with 11 species (21% of the
total number of species) (Table 1).
The total integrated abundance measured from the
entire survey was 668,181 nb. km2. In total, the
suborder Notothenioidei represented 88% of the total
integrated abundance. The Nototheniidae was the most
dominant family with 44.7% of the total integrated
abundance, followed by the Bathydraconidae (18.8%),Artedidraconidae (13.5%) and Channichthyidae (11%).
The dominance of the Zoarcidae was 3.4% and
Liparidae was 2.7%. One species of Macrouridae was
collected, representing 5.4% of the total number of
individuals collected. Trematomus eulepidotus was the
dominant species (19.9%). The next most abundant
species was Trematomus tokarevi (9.5%), followed by
Trematomus scotti (9.1%) and Racovitzia glacialis
(8.2%), Artedidraco loennbergi (7.4%), the T. lepido-
rhinus/loennbergii group (5.8%), Macrourus whitsoni
(5.4%) and Gerlachea australis (4.8%). All these taxa
belong to the Notothenioidei except for Macrourus
whitsoni (Macrouridae) (Table 2).
Most species were caught only occasionally. Indeed,
43 of the 53 species, representing 1406 specimens, had
a very low abundance (Fig. 2) and each of them repre-
sented less than 1% of the total number of individuals
caught. According to the classification used, all caught
species could be considered as rare and very rare species.
The nine most abundant species had a large vertical
distribution ranging from 149 m (the minimum
sampling depth) to 1688 m. The species with the
largest vertical distribution were the T. lepidorhinus/
loennbergii group (1058 m of depth occurrence) and
M. whitsoni (937 m) (Fig. 3). The maximal integrated
abundances were found from 400 to 850 m depth,
except for T. tokarevi, where the maximal integrated
abundance was at 196 m depth.
Species richness tended to increase with depth to
about 680 m and then tended to decrease. Highest
values of species richness were in the depth range
570e681 m (Fig. 4a) with a peak at 667 m (d¼ 2.16)
and lowest values were in shallow (210e245 m) and
deep waters (906e1688 m). Species richness indices
indicated richer zones in the two basins and along their
upper-sides (d¼ 1e1.08), mainly along their northern
part, than in the other sites (Figs. 4b and 5a). Indices of
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Fig. 3. Depth range and maximal integrated abundances of most abundant fish species caught during the CEAMARC/AA. T. lepidorhinus/
loennbergii is noted in the figure as Trematomus sp.
277R. Causse et al. / Polar Science 5 (2011) 272e285evenness (Fig. 5b) were mainly distributed around 0.9,
with maximal evenness along the basins and their
upper-sides. In all sites evenness values were highly
heterogeneous (J0 from 0.58 to 1), with the exception
of the basins where the evenness was homogeneous.Depth (m) 
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278 R. Causse et al. / Polar Science 5 (2011) 272e285537 m depth, where 6 different species were found (T.
eulepidotus, T. scotti, T. hansoni, Trematomus newnesi,
T. lepidorhinus/loennbergii and T. tokarevi). Nonethe-
less, species richness was highly variable in the depth
range 534e537 m, where the mean and the median are
highly different. Deeper than 928 m, the richness was
null, because only T. lepidorhinus/loennbergii indi-
viduals were sampled. Upper-sides of basins and the
Ade´lie Bank were the richest sampled sites for Trem-
atomus. Evenness varied considerably with depth
range and sites (not shown), with high values at depth
ranges 216e370, 538e800 m. Specimens were mainly
well and equitably distributed between the different
species, except for a few sites (sampling sites 66, 117,
132, 268, 274, 465) dominated by one or few species
(T. lepidorhinus/loennbergii, T. eulepidotus and T.
scotti) (Fig. 6). T. scotti was dominant in the shallowest
part of the sides of George V Bank, less dominant
along the Ade´lie Bank, the upper-sides of Ade´lie
Basin, and in the shallowest sites in canyons (not
shown). T. eulepidotus was mainly caught on theAde´lie Bank and on the upper-sides of basins. T. lep-
idorhinus/loennbergii was present at all depths, from
190 to 1250 m and at all kinds of site. Trematomus
pennellii, T. hansoni and T. newnesi were recorded
only from a restricted area. T. pennellii and T. hansoni
were recorded at only one site on Ade´lie Bank, and T.
newnesi on the upper-sides of Ade´lie Basins only. T.
tokarevi was distributed between 196 and 850 m, along
the north part of the sides of the Ade´lie Bank and
represented a lesser proportion of the total catch in the
north part of the upper-sides of the George V Basin.
The similarity in the fish species composition between
the 67 sampling sites was analysed using BrayeCurtis
similarity. The hierarchical classification of sampling
sites based on a similarity matrix of abundance recorded
along the four zones (Fig. 7) revealed two clusters of
sampling sites sharing only 5% of similarity. The
sampling sites located along the canyons on the conti-
nental slopewere grouped together in cluster I, and those
along the shelf (including the upper-sides of basins,
basins and Ade´lie Bank sampling sites) were grouped
together in cluster II. This classification suggested a clear
differentiation between the canyon and shelf species
compositions. The group of sampling sites in cluster
I showed a similarity in the range 27e85% and included
all canyons sampling sites (except sampling site 326) and
one basin sampling site (178) where only two species
(Akarotaxis nudiceps and T. lepidorhinus/loennbergii)
were recorded. Sampling site 326 was an outlier due to
the presence of only one species in each sample. Samples
belonging to cluster II can be separated into the sub-
clusters IIa (basins sampling sites), IIb and IIc (Ade´lie
Bank sampling sites) and IId (upper-sides of basins) with
12e20% of similarity between each sub-cluster. The
absence of a clear clustering of the different zones
(upper-sides of basins, basins and Ade´lie Bank) within
the shelf cluster indicated a high degree of variability of
the species composition among sampling sites from each
of these zones (from 24 to 80% of dissimilarity).
The potential relationships between environmental
factors and fish community structure were analysed by
the ordination technique of canonical correspondence
analysis (CCA). The CCA indicated that samples
clearly clustered according to environmental parame-
ters (Fig. 8a). The first two CCA axes explained 10.8%
of the variability in the species distribution and 58% of
the relationship between the species abundances and
the environmental variables. Depth was the primary
explanatory variable, separating the samples along the
first axis (correlation coefficient with axis 1 of 0.86),
while silicate, gravel, mud and carbonate were the most
significant structuring factors along the second axis
Fig. 6. Spatial distribution of the Trematomus species. T. lepidorhinus/loennbergii is noted in the figure as Trematomus sp.
Fig. 7. Dendogram of the cluster analysis performed on abundance of all fish species, without P. antarcticum. Symbols: square: Ade´lie Bank;
diamond: canyon on the continental slope; up triangle: upper-sides of basins and down triangle: basins.
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Fig. 8. Canonical correspondence analysis of the relative abundance of fishes (a) for environmental parameters (“BT” for bottom temperature and
“rug” for rugosity), (b) for sampled sites (up triangle: upper-sides of basins, down triangle: basins, square: Ade´lie Bank and diamond: canyons on
the continental slope) and (c) for all species (occurrence >3% and without P. antarcticum).
280 R. Causse et al. / Polar Science 5 (2011) 272e285(correlation coefficient with axis 2 of0.61, 0.58,0.55
and 0.51, respectively) (Fig. 8a). There was a clear
separationbetween the sampling sites (Fig. 8b) according
to their location. Sampling sites from canyons on the
continental slope were clearly separated from the other
sampling sites located in the upper-sides ofbasins,Ade´lie
Bank and basins, except for sampling site 520which was
very similar to the deepest sampling site in the George V
Basin, sampling site 207. Sites located along canyons on
the continental slope were mainly characterized by
greater depths, higher rugosity and the presence of
gravels. Sampling sites located on the basins, banks and
upper-sides of basins were grouped in three distinct
clusters, according mainly to depth and type of sedi-
ments. Different clusters of fish species were associatedwith the groups of sampling sites described above.
The species related to the canyon zone (Fig. 8c) were
mostly Ophthalmolycus mcallisteri, Chionobathyscus
dewitti, M. whitsoni, Careproctus longipectoralis and
Muraenolepis sp. The species associated with the
depressions were Bathydraco macrolepis, Akarotaxis
nudiceps, Bathydraco antarcticus and Pagetopsis mac-
ulatus. R. glacialis, Chionodraco hamatus, Cryodraco
antarcticus, Pachycara brachycephalum, Pogonophryne
phyllopogon and Lycodapus antarcticus were mostly
associated with the sampling sites located along the
upper-sides of basins. Finally, the sampling sites on the
banks were mainly characterized by the presence of
Artedidraco skottsbergi, T. scotti, Prionodraco evansi,
T. pennellii and Gymnodraco acuticeps.
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(p< 0.05) between the different sampled zones, except
for two zones: the Ade´lie Bank and the upper-sides of
basins (p¼ 0.55). SIMPER analysis indicated that the
differences in fish community composition between
the four sampled zones are explained by the combi-
nation of abundant species. The canyon group of sites
were characterized by M. whitsoni (73.9%) and
N. ionah (11.6%). A. loennbergi (28.2%), T. eulepi-
dotus (22.2%) and A. skottsbergii (16.6%) were the
representative taxa for the Ade´lie Bank group;
A. loennbergi (22.2%), T. scotti (18.9%) and R. gla-
cialis (12.5%) for the upper-sides of basins group and
T. lepidorhinus/loennbergii (32.8%), G. australis
(24.7%) and A. nudiceps (12.5%) for the basin group.
4. Discussion
Prior to the CEAMARC/AA survey, the ICOTA
project had identified 21 demersal species from the
Dumont d’Urville sea. Fifteen of these species were
already known from the studied area, mainly coming
from shallow waters (Arnaud, 1974; Hureau, 1970;
Koubbi et al., 2010). During the CEAMARC/AA
survey, 58 demersal species from 8 families were
recorded. It has been shown that these species display
circum-Antarctic distributions (Anderson, 1990 and
Donnelly et al., 2004). TheNototheniidaewere dominant
in the shelf area, whereas the macrourid M. whitsoni
dominated the communities on the slope. The Notothe-
niidae represented 70% of the total dominance. Three
other notothenioid families (Artedidraconidae, Bathy-
draconidae and Channichthyidae), were predominant in
the area, which indicated a specific East Antarctic
assemblage (Kock, 1992; Eastman, 1993).
Despite the large number of samples collected,
some species were surprisingly absent. Skates (Bathy-
raja sp.) were observed using the underwater camera,
but none were collected, proving that the trawling
speed was too slow to catch them. Other species which
were frequently caught during previous surveys
(Hureau, 1970; Hureau et al., 2000), such as Dis-
sostichus mawsoni and inshore Nototheniidae were
very rare or even absent in the CEAMARC/AA
samples. The absence of the deep benthopelagic
species D. mawsoni, and of two very common Trem-
atomus species, T. hansoni (a single specimen caught),
T. bernacchii and T. newnesi, is best explained by the
small number of continental slope and inshore coastal
sites sampled, which are known to be the habitat of
these fish (Eastman and Hubold, 1999; La Mesa et al.,
2004a,b). Absence of other species such as Pagotheniaborchgrevinki and P. brachysoma can also be explained
by habitat preference. These species are cryopelagic,
usually associated with the under surface of the ice
(Andriashev, 1968, 1970; La Mesa et al., 2004a,b).
The Ross Sea shelf displays a higher species rich-
ness than indicated from the Dumont d’Urville Sea in
this study (Donnelly et al., 2004; Eastman and Hubold,
1999). However, the communities seem to be more
structured in the Dumont d’Urville Sea than in the
Ross Sea. Though mainly heterogeneous across the
water column, the species richness on the Dumont
d’Urville Sea shelf was globally high in the deep layers
between 400 and 700 m, with a maximum richness at
around 570e680 m. The deepest areas (canyons along
the continental slopes) showed a low species richness,
dominated by the macrourids, C. dewitti and N. ionah.
The shelf waters were characterized by many different
species, dominated by nototheniid and artedidraconid
species. The communities along the western side of the
George V Basin, the northern side of the Ade´lie Basin
and the sill were the most structured, with the highest
evenness values. The sides of depressions and Ade´lie
Bank seemed to be dissimilar in species composition,
even if the result of ANOSIM statistical analyses
(P¼ 0.55) indicated the opposite. Indeed, the species
A. loennbergi and T. eulepidotus were present in the
two zones with high dominances, while the two species
compositions were very different. However, according
to the cluster analyses, the similarity between the two
zones reached only 18% and species richness of the
upper-sides of basins was higher than that of the Ade´lie
Bank. Highest species richness was observed on the
upper-sides of basins, the shallowest part of the seabed
depressions and more precisely the northern upper-sides
of the two depressions. Our results denote a high vari-
ability of the species richness and evenness in compa-
rable environments, mainly due to a high dominance of
few species (T. tokarevi and T. eulepidotus for example).
Numerous interacting abiotic and biotic factors are
involved in the microhabitat use and fish assemblage
organisation, and the strength of individual factors
varies with spatial scale (Jackson et al., 2001). The
definition of the spatial niche partitioning is the result
of an arrangement of a multivariate combination of
environmental features used by a single species within
a particular biotic setting. The distribution of abun-
dance with depth varied among the different species
present, probably due to partitioning of spatial niches.
The differences in species composition with depth in
our study are generally consistent with findings from
the Ross Sea (Eastman and Hubold, 1999; Donnelly
et al., 2004) and Weddell Sea (Ekau, 1990). The
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(T. lepidorhinus/loennbergii, N. ionah). However,
locally, a majority of species was typically distributed
at one depth range (Pogonophryne species, Liparidae
species for example in CEAMARC/AA), as it was also
reported in the Weddell Sea (Olaso et al., 2000;
Lombarte et al., 2003) and the Ross Sea (La Mesa
et al., 2006). According to Eastman (1993), the fact
that one species is usually more abundant than others at
one particular depth might be due to depth preferences.
Spatial niche partitioning was also observed in relation
to sampling zones in our study, highlighted by a low
number of abundant species, despite a high heteroge-
neity in species composition.
Statistical analyses clearly highlighted the distribu-
tion and the structure of the species communities.
Deep-sea species communities from the continental
slope were well identified. The cluster analysis also
indicated that most of the communities along the shelf
were different in composition. This result can be
explained by the fact that a large proportion of species
were underrepresented, which lead to heterogeneous
distribution of species in the analysis. This low species
representation indicates specialization among all these
species and very restricted distribution areas. Isolated
aggregations of rare specialized species reflect their
actual preferences in response to local hydrodynamic,
habitat or trophic conditions (Gutt and Ekau, 1996;
Brenner et al., 2001).
Demersal fish communities in the Dumont
D’Urville Sea appeared to be most strongly associated
with changes of depth, sediment type (mud/gravel) and
biogenic silica. The link with depth and sediment type
is congruent with the distribution of benthic commu-
nities in the same region (Post et al., 2010) and fish
communities in the Ross Sea (Donnelly et al., 2004;
Eastman and Hubold, 1999) and the Weddell Sea
(Ekau, 1990). Indirectly, glacial history has created the
physical contrasts across this region. Past patterns of
ice sheet movement during glacial periods structured
the bottom topography and have had major impacts on
sediment properties. The banks were preserved as
relatively shallow areas and inner-shelf areas are rocky
and rugged with steep valleys created by the advance
of small active glaciers during past glaciations
(Beaman and Harris, 2003). Erosion by glaciers has
created different kinds of substrates which were then
selectively transported and deposited to create a patchy
mosaic of sediment types. Our study clearly reveals
a strong relationship between demersal fish commu-
nities and type of substrate. Sediments and high
concentrations of food are carried by the two deepwater currents Modified Circumpolar Deep Water and
Ade´lie Land Bottom Water into the George V Basin,
especially along the west and north-east part of it,
creating spatial contrasts in the distribution of deposit
and filter feeding communities on the seabed (Post
et al., 2010). Small-scale differences in seabed inver-
tebrate communities could also have a significant
impact on the structure of demersal fish assemblages.
Moreover, we show a regionalisation of fish assem-
blages associated with large-scale seabed features,
such as the continental slope, shelf basins and banks, as
has also been observed in this area for benthic inver-
tebrate communities (Post et al., 2010) and also with
the ecoregionalisation model on the presence/absence
of the main demersal fishes (Koubbi et al., 2010).
Environmental parameters seem to have a strong
impact on the variability of fish species distribution.
However, biotic factors are also suspected to play
a major role in the observed distributions. During the
CEAMARC/AA survey, a majority of species was
sampled in the two depressions and mostly along their
upper-sides. Artedidraconid species were mainly caught
in these areas. La Mesa et al. (2006) showed that some
artedidraconids usually lived among well-structured
invertebrate assemblages, composed of sponges, bryo-
zoans and hydrozoans, which provide food and cam-
ouflage (Ekau and Gutt, 1991; Olaso et al., 2000;
Schwarzbach, 1988). Their local spatial distributions
were not really overlapping, suggesting some degree of
special niche partitioning. A high diet specialization
was shown for the genus Pogonophryne, due to a high
morphological diversification, which indicated a high
trophic niche specialization too (Lombarte et al., 2003).
Some artedidraconids species could be interpreted as
an indicator species of specific benthic communities.
The channichthyid species Chaenodraco wilsoni,
Chionodraco hamatus and Chionodraco myersi were
located along the north part of the upper-sides of the
basins. The restricted distributions of the channich-
thyids (C. wilsoni, C. hamatus) in the Dumont
d’Urville Sea suggest that they may have quite homo-
geneous habitat preferences. In contrast, some other
species seemed not to live preferentially in a high
specialized environment, such as A. loennbergi, which
occurred on the upper-sides of basins, banks and
depressions, and had an unspecialized diet and a low
morphological differentiation (Lombarte et al., 2003).
Mobile species such as some channichthyid species
(C. myersi and Neopagetopsis ionah) appear well
adapted to this patchwork pattern (Eastman and
Hubold, 1999), and were distributed along upper-
sides of basins and canyons. These species seem not
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their partially pelagic life (Chen et al., 1998), as
previously observed for the channichthyid species, C.
myersi, in the Weddell Sea (Gutt and Ekau, 1996). This
family also seems to feed mostly in the water column
(Schwarzbach, 1988; Eastman and Hubold, 1999) and
is known to be well distributed along a depth gradient.
The vertical range of the fish distribution is a conse-
quence of a significant shift in the diet of the fish, as
a consequence of an abrupt change in the type of
bottom substrates and in the composition of benthic
communities (La Mesa et al., 2004a,b).
Sites along the upper-sides of basins and Ade´lie
Bank are characterized by local iceberg scouring,
coming from the Mertz Glacier Tongue and the
Astrolabe Glacier (Post et al., 2010). Indeed, icebergs
cause various degrees of damage to the benthos up to
local elimination of the fauna (Brenner et al., 2001),
and disturbed bottoms are subsequently recolonized
along successive stages and successive benthic
communities (Gutt and Starmans, 1998; Teixido´ et al.,
2004), leading to a spatial and temporal patchwork of
benthic recovery. This successive benthic recoloniza-
tion could be associated with a diversification of fish
species locally. For instance, T. pennellii dominated in
the areas which had been disturbed by iceberg
scouring, while T. scotti and T. lepidorhinus/loenn-
bergii dominated in undisturbed areas. T. eulepidotus
seemed to be indirectly affected by disturbance of
benthos for feeding (Brenner et al., 2001). Neverthe-
less, reproductive aggregations seem to occur in areas
where benthic communities were well structured and
never scoured by icebergs. Eggs of T. eulepidotus
(Lautredou et al., 2010) were found inside large white
sponges (probably the slow-growing Anoxycalyx or
Rosella) and parental care behaviour was observed on
video footage. These results indicate that undisturbed
habitats are selected by gravid females to reduce
predation on eggs and hatching larvae and to avoid
destruction by iceberg scouring.
The CEAMARC/AA survey allowed the compre-
hensive study of the demersal ichthyofauna environ-
ment and of the teleost fish diversity in the Dumont
d’Urville Sea. The analysis of the abundances and
environmental parameters indicated well-structured
species communities, with high species richness and
habitat preference, especially along the basins of their
upper-sides. There were clear differences in species
communities between the continental slopes and the
shelf. The glacial history of the region, including
advances and retreats of ice sheets and glacier ice
tongues, has created highly structured habitats withsome areas subject to many successive recolonizations
of the seabed. In modern times, currents in the George
V Basin and iceberg scouring on the banks and upper-
sides of basins tend to create heterogeneous habitats
which can be predicted to a degree from the topog-
raphy and oceanography of the region. However,
detailed information on the seabed habitat, such as
that obtained from the trawl-mounted video and still
cameras, is essential in defining habitat variability at
a scale relevant to understanding the detailed fish
distributions across the region. The insights it
provides about the habitat occupation and dominance
by these species are a crucial part of the study of the
evolution of these groups, especially in regard of their
consideration as possible species flocks (Ribbink,
1984).
In February 2010, the Mertz Glacier Tongue broke
off and calved a large iceberg, which drifted along the
George V Basin and may have scoured the north-
western part of the Mertz Bank and the eastern Ade´lie
Bank. During the Austral winter 2010, the iceberg was
located off the Ade´lie Bank. Our study provides
a much needed baseline to estimate the potential
impact of the calving on the fish habitats and the
subsequent change in environmental parameters.
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